Objectives 


@To develop methods for 
determining the moment of inertia 
for an area. 


To understand the use of the 
parallel axis theorem. 
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Parallel Axis Theorem 
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Parallel Axis Theorem 
I = fy“dA+ 2d, fy dA+ d, faa 
fydA=0 centroid 
T. =I,+Ad 


Parallel Axis 


Theorem: 
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Jo =Jct Ad 


Parallel Axis 
Theorem: 


The moment of inertia of an 
area about an axis is equal 
to the moment of inertia of 
the area about a parallel 
axis passing through the 
centroid plus the product of 
the area and the square of 
the perpendicular distance 


Radius of Gyration of an 
Area 


i I. 
VA 
I 

k, =| 
K =, [Jo 


Procedure for Analysis 


Case | 

Specify a 
differential 
element dA with 
length parallel to 
axis. 

Apply appropriate 
integration 7 —1—_ 
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Procedure for Analysis 


Case Ill 

Specify a differential 
element dA with 
length 
perpendicular to 


axis. ™ La 


Calculate J about 
centroidal axis and 
apply parallel axis 
theorem. 
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Figure 10.06(b) 


di. =— y’dx 
I = fat Sy ! y dx 
i | 35 


0 


L =10%16 mni 


e 10 
.07( 
a) 


1g 


| tT Tt ty tty te tt tT tt 
pe} tit} ty te ey tt tT Ty 
| tit tty tty tT tT tT ty 
| ti tT} Ty tT ey te te tT yt 
pe} tit tte te ee tt tT tt 
ptt ti ttt tT ett yy et 


= 

iss} 

pt tte tt} Ty tT tt Tt E 

o 

1S) 

P| tt} tT tT ttt ttt E 
a 


, 9e, Copyright 2001, Pren 


1cS 


: Stat 


1cS 


= 
Ss 
= 
5 
= 


ineering 


Hibbeler, Eng 


S 
o 
iS) 


, 9e, Copyright 2001, Pren 


1cS 


: Stat 


1cS 


Figure 10.08(b) 


= 
Ss 
= 
5 
= 


ineering 


Hibbeler, Eng 


Seah Bee 


eS 
oS 
oe 


Sete? 
e525 
e595 
a505 
e3the 


+4 
6 

% 
te 
x 


3 
2 


a 
2% 
te 
Las 


2 
eS 
oS 


x 


-aac 
aoe a 


A 
Pl 


75 


| 
ry 


I 
=~ 100 mm — 


Taaleve 
ompc 


= 

= 

Uo A 
pe} ttt} tty tt tt 

pe} tt} tty | ey | 
pe} tt} tty tt | 
ptt tt} tty tt | tt 
pe} i]t} tty tt | 
| ttt tty te | 


Figure 10.09(a) 
SRR 


PEE E_E TTT TEE EE EE 
Piet tT ty eee EEE 
PE TET EEE EEE EE EE EEE 
PETE EE EE EEE EE 
Pt | _ 
ett : -_ 
Ww -_ 
=. ye _ 
oO _ 
SE: a 
|| Le - = _ 
tT T a 
@Q_ ae 
Pt ee 5 o | 
BE ae = a 
“os = 
|S -_ 
oo _ 
|| (a | ~ = _ 
Be = = z 
Ye wn wn _ 

UO a ui gi 
PE tT e EEE EEE EEE EE 
PE tee EEE EEE EEE EE EE 
PEE EE T_T TT EEE EEE Et 
PE Tee EEE EEE EEE EE 

pt} REE TT TT EE tT TE ET tT 

ete rt tt eee tee tt 


Composite Areas 


10 in 


2 TE vocate 


4 in 


centroid and 
moments of 
inertia 
about 
centroidal 
axes 


10 in 


2in 


IWD Ne 


20 5 

40 S 

17 2 

72 

_ 360 

X= = 
72 

_ 576 

7 ae 


IK | CO |= 


—_ 


Po=ha thoths 
_ 1 3 [| 2 
Ls = 5102? +10214 8 =186, 


1 3 2 
I, = 7514 +104(8- 8)” =53- 


1 yas 2\_| 
1, =7 40 +62(8- 9° =336 


Go | 


Tr. =186,+ 53,4 336-576 


cranny 


se 


SeSeGeSc) 
seoese 


Region Area EE d, d, 
1 36 6108 108 3 3 
2 9 18 45 7 2 
3 27 54 121.5 6 2 


_| 1 3 b 
= 7) o) +e 3 


A= 1/2 bh 
h h 
h/3 
b 


I, = er 6G" 


1 2 1 1 2 
+5 OH) @)) +) 27 +50) 0)@) 


a = G)" += 50 G)M*| + 
ren 


=a = O)*+— 50 ©) @ = 


fl 3 2 
I, -| 00 +(0@0) | 


+ + 


1 3,1 2 
3699 +5000 
197 int 


1 ; 1 , 
3g0® +5090" 


I, -| 5.06" + COS" 


+ + 


1 tt : 
3, YO +5002) 


630 in’ 


1 3,1 2| _ 
3, VO +5 0O2 | = 


Yc 


25mm 


Foam 75mm! 75mm z se 


Determine I, and I, about the centroidal axes. 
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1 7500 0 12.5 0 93750 
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Parallel Axis Theorem for 
Product of Inertia 


Ly =1,+Add, 
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Find the product of inertia about the centroidal axes. 


100 mm 


Centroid due to symmetry. 
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Find Centroid Location 


ind Moment of Inertia about x-y Axes 
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